Although casualties were not as large as those from the October earthquakes, principally because the events in November occurred in a rural part of the countryside, the surface ruptures of the November earthquakes were longer. However, the remoteness of the locality at that time hampered immediate investigation and detailed mapping of the ruptures. Thus, the only map of the November 1951 surface ruptures has been an approximately 1:2,000,000-scale Wgure published more than ten years after the earthquakes (Hsu, 1962) . There have been several subsequent attempts to investigate active faults in the Longitudinal Valley (e.g., Hsu and Chang, 1979 In our attempt to re-evaluate the surface ruptures, our principle sources have been the published literature, vintage photographs and interviews of local residents. We have examined all available scientific and non-scientific reports on the earthquakes, including a number of newspaper reports written after the earthquakes. Also, we have examined many old photographs taken after the earthquakes, searching for evidence of surface rupture. Some, but not all, of these photographs appeared in earlier reports (Taiwan Weather Bureau, 1952; Chu and Yu, 1997; Yu, 1997) . These photographs were taken by several different investigators, in locations wherever surface deformation was noticed. Fortunately, although not heavily populated, there had already been many small villages along the Longitudinal Valley. Thus these photographs should reveal most of the surface ruptures. We have made a considerable effort to determine the locations where these photographs were taken, particularly by checking in the field for the topographic features shown in the photographs. Moreover, we conducted interviews with more than 40 local residents who experienced the earthquakes and had information about the location of surface ruptures and other aspects of the earthquakes. A complete compilation of these data appears in Chung (2003) . In this brief paper, we present the summary of these results.
Although we have attempted to ensure the reliability of all this information, some uncertainties remain. Many reports in the literature are, for example, too vague to determine whether or not they are reliable. Many photographs cannot be assigned a certain location, because of agricultural modifications in the decades after the earthquakes or lack of distinctive landmarks. Also, some of the information we acquired in the interviews was vague, uncertain, or even contradictory. Nonetheless, by sifting all of the information, we have been able to improve significantly our understanding of the ruptures associated with the earthquake.
Tectonic background of the Longitudinal Valley
The Longitudinal Valley in eastern Taiwan is located between two major tectonic blocks (Fig. 1b) . To the east is the Coastal Range, an assemblage of Miocene through early Pliocene volcanic arc rocks and associated turbidite deposits, mé lange, and fringing-reef limestone (Chen, 1988; Ho, 1988) . These rocks are similar to rocks that constitute the remnant of the Luzon island arc immediately to the south and the sediments of the adjacent sea floor. Thus, the rocks of the Coastal Range appear to represent a highly shortened forearc basin and volcanic arc (e.g., Chang et al., 2001 ).
On the western side of the Longitudinal Valley is the eastern flank of the Central Range, which is composed of Mesozoic to Paleogene low-grade metamorphic rocks, predominantly schists and slates (Ho, 1988) . The contrast in the constitution of the two ranges demonstrates that the intervening long, linear Longitudinal Valley occupies a major tectonic suture (e.g., York, 1976; Teng, 1990) . Coarse late Quaternary clastic fluvial sediments fill the valley. The thickness of these sediments is unknown, but is likely more than 1 km (e.g., Chen et al., 1974; Chen, 1976) .
The dominant neotectonic element of this part of the island is the east-dipping Longitudinal Valley fault, which traverses the eastern edge of the valley (Fig. 1b) . It is characterized by high rates of sinistral reverse motion along its southern two-thirds and mostly sinistral motion along its northern one-third (Shyu et al., 2005b) . The geomorphic manifestation of this fault is clear along most of the valley, but it is rather complex, especially along its southern two-thirds. Distinctive tectonic landforms include discontinuous scarps that range up to several meters high along the range front and are lobate and irregular in plan view. These are commonly associated with easttilted surfaces on the hanging-wall block. Along most of the valley, these thrust-fault scarps are also accompanied by numerous secondary anticlines and synclines in the hanging-wall block.
Another major active structure along the southern two-thirds of the valley is a reverse fault that dips westward, beneath the eastern flank of the Central Range (Fig.   1b ). This fault, named the Central Range fault by Biq (1965) , may be the major structure along which rapid uplift of the eastern flank of the Central Range is occurring (e.g., Shyu et al., 2005b Shyu et al., , 2006 . Geomorphic evidence of this active fault Lee et al., 1978; Hsu, 1980; Abe, 1981) . The analyses by the Taiwan Weather Bureau (1952) and Hsu (1980) indicate the first one was the larger of the two, whereas the catalog of Lee et al. (1978) indicates the opposite. In the catalogs of Gutenberg and Richter (1954) and Abe (1981) , the two events appear as a single earthquake. Epicentral locations vary widely among these reports and are commonly very far from known faults of the Longitudinal Valley.
Recently, Cheng et al. (1996) tried to use limited information from S-P times reported by the Taiwan Weather Bureau (1952), a Monte Carlo algorithm and information about the surface faults and maximum ground motion amplitudes to relocate the epicenters and calculate the magnitudes of the two events. They placed the hypocenter of the first shock at 23.1°N and 121.225°E, at a depth of 16 km (Fig.   2 ). Their hypocenter for the second shock is at 23.275°N and 121.35°E, at a depth of 36km. They also found that the magnitude of the second shock was larger than that of the first shock (M w = 7.0 vs. M w = 6.2). Although their results still have large uncertainties, they are much better constrained than the previous reports, and their results clearly show that the two earthquakes are related to mapped faults of the Longitudinal Valley. Moreover, they derived focal mechanisms using the first motions reported by the Taiwan Weather Bureau (1952) and Hsu's (1962) map of the surface ruptures. They concluded that the first shock was generated by a thrust fault with a subordinate left-lateral component, striking N32°E and dipping 70°S. From more limited first-motion information, they concluded that the second shock originated on a left-lateral strike-slip fault with a subordinate thrust component.
The surface ruptures of the earthquakes have never been mapped in detail. The most widely accepted version is depicted in Fig. 3 , after Hsu (1962) . In this representation, the fault extends approximately 40km from about 10km south of Kuangfu to just north of Fuli (Fig. 3) . Since this line runs through the town of Yuli, Hsu named it the 
Re-evaluation of the November 1951 ruptures
We have been able to determine the location of the November 1951 ruptures in many places. Our re-evaluation leads us to divide the ruptures into three separate strands (Fig. 2) , which we call the Chihshang, Yuli, and the Rueisuei ruptures. The Chihshang rupture is similar to the Chihshang fault first noted by Hsu (1962) . The Yuli and Rueisuei ruptures are roughly coincident with his Yuli fault, but we believe they constitute two entirely different structures.
The Chihshang rupture
The southern end of the Chihshang rupture is approximately 4 km south of the town of Chihshang (Chung, 2003; Fig. 4a ). Although Hsu (1962) did not document surface rupture near Chihshang during the November 1951 earthquakes, we believe that surface rupture did occur there, since many of the local residents in villages around Chihshang we interviewed did witness surface rupture there, along the western foothills of the Coastal Range. This is also consistent with the reports of damage and destruction around Chihshang in many local newspapers after the earthquakes (Yang, 1953; Chung, 2003) . Moreover, this makes a lot more sense, since the southernmost point of the rupture mapped by Hsu (1962) lies very far northeastward from the relocated epicenter of the first shock in the November 1951 series, even after the large uncertainty of the relocation was taken into consideration (Fig. 3) Barka, 1999; Treiman et al., 2002) . Thus it is reasonable to find surface rupture near Chihshang, which is much closer to the epicenter of the first shock, for an earthquake with a significant strike-slip component.
Our interviews indicate that the southern end of the Chihshang rupture was near the small village of Wanan (Fig. 4a) . Local witnesses told us that the surface rupture Left-lateral offset appears to be more obvious, according to newspaper reports collected by Yu (1997) . Farther north, between Chutien and Tungli, vertical displacement was much larger, approximately 1-1.5 m, and the rupture appears to be continuous again. We have found an old photograph of a locality near the Yuli Convalescent Hospital, in which the rupture exhibits a scarp about 1.5 m high (Fig.   4b ). This scarp is only 1 m high now, due to agricultural modifications (Fig. 4c) .
North of Tungli, we did not find undisputable evidence for rupture in 1951. Based upon various newspaper reports, published shortly after the earthquake, that the Yuli railroad bridge was offset and broken by the earthquake, Yu (1997) similar to the sense of slip along the fault depicted on geologic maps (e.g., Chen, 1988; Ho, 1988) and monitored during the past 20 years. Along most of its length, the vertical offset along the rupture was less than 0.5 m, but along the Tungli-Chutien section, it was as much as 1.5 m. We are uncertain about the total length of this rupture, but it was at least 20 km and no longer than 30 km.
The Rueisuei rupture
Like the Chihshang rupture, the Rueisuei rupture followed the western edge of the Coastal Range, along the eastern side of the Longitudinal Valley (Fig. 5a ). Sense of slip on the rupture appears to be oblique, with significant amounts of vertical offset. Our investigation indicates that the northern end of the Rueisuei rupture is near the Tzu-Chiang Prison, but its southern end is more difficult to determine. The southernmost location where we have found evidence for the rupture is near the village of Hekang (Fig. 5a ). Although the village of Rueimei was heavily damaged during the earthquakes with collapse of many houses, none of the local residents we interviewed recalled any surface rupture in or near the village. There were also widespread landslides south of Rueimei during the earthquake, but none are clearly related to fault rupture. Thus, it appears that the southern end of the Rueisuei rupture was located approximately at Hekang. 
The Yuli rupture
The Yuli rupture of 1951 was best documented near the town center of Yuli. Since
Yuli was already a medium-sized town when the earthquakes struck, we have found more than five photographs showing the ruptures and earthquake damage. Farther from the town center, the evidence is far more scattered (Chung, 2003) .
Unlike the Chihshang and Rueisuei ruptures, which followed mostly the eastern edge of the Longitudinal Valley, the Yuli rupture lay on the valley floor, in places only 1 km or so from the Central Range (Fig. 6a) . The southern end of the rupture was just south of Yuli. It ran through the town center and destroyed many buildings, including the former Yuli Elementary School (e.g., Hsu, 1962; Bonilla, 1975; Yu, 1997) . North of the town center, the rupture probably extended along the Hsiukuluan River bed. Based upon local witnesses and old photographs, we suggest that it extended to a point about 4 km southeast of Rueisuei (Fig. 6a) . The total length of the Yuli rupture is about 20 km. Since we believe the damage of the Yuli railroad bridge was related to the Chihshang rupture, the Yuli rupture was nearly parallel to the Chihshang rupture and stepped about 1.5 km to the west of the Chihshang rupture near Yuli.
In the town center of Yuli, all of the photographs we have found indicate that the rupture was almost purely left-lateral strike-slip. Although some reports suggested a small vertical component of slip (e.g., Yu, 1997) , no vertical offsets are visible in the photographs. One of the most thoroughly documented locations of the rupture was the former Yuli Elementary School (Fig. 6b) . The classroom building at the school was offset left-laterally about 0.4 m (Fig. 6c) . However, a row of pebbles at the northern edge of the athletic field of the school was offset only about 0.16 m (Bonilla, 1975 ; Fig. 6d ). The amount of offset therefore varied significantly in a very short distance within the school grounds (Bonilla, 1975) , which is typical for strike-slip faults.
While no document reported the extension of the rupture north from the town center of Yuli, we believe that it extended along the Hsiukuluan River bed to Kuokailiang, approximately 4 km southeast of Rueisuei (Fig. 6a) , where there is a linear ridge about 200 m long, rising more than 10 m above a river terrace east of the Hsiukuluan River (Fig. 7a) . The landowner, who lives right next to the ridge, recalled ruptures along the eastern side of the ridge during the 1951 earthquake, which may have also extended southward more than 500 m past the ridge (Yang, 1986;  
The Yuli rupture and the Longitudinal Valley fault
We argue that the Yuli rupture, unlike the Chihshang and Rueisuei ruptures, is not part of the Longitudinal Valley fault. Co-seismic offsets along both the Chihshang and Rueisuei ruptures were oblique-slip, as is the long-term movement along the Longitudinal Valley fault (e.g., Chen, 1988; Ho, 1988) , whereas the Yuli rupture had predominantly left-lateral offset. Moreover, there was a 1.5 km left step between the Chihshang and Yuli ruptures. (Fig. 7b) . We believe that the ridge is not formed by another strand of the fault, since it is symmetrical: Both its western and eastern slopes above the river terrace are steep and similar in height. This is distinct from the secondary folds found along the Longitudinal Valley fault. Rather, it resembles a "pressure" ridge, like those typically found along strike-slip faults. The recent relocation and parameterization of the sources of the two earthquakes by Cheng et al. (1996) are consistent with these rupture patterns. Their hypocenter for the first shock, at 02:47, is approximately at the southern end of the Chihshang rupture (Fig. 2) . The focal mechanism of this earthquake shows that the earthquake was generated by a thrust fault with a left-lateral component, striking similarly to the It is well known that earthquakes can be triggered by changes in Coulomb failure stress that result from an earlier earthquake (e.g., Harris, 1998; Stein, 2003) . This 
What is the Yuli fault?
The Yuli fault was originally proposed by Hsu (1962) We are unsure whether or not the Yuli fault dips eastward at depth. If so, it could be an integral part of the obliquely slipping Longitudinal Valley fault zone. However, its location, west of the east-dipping Longitudinal Valley fault, and its predominance of strike-slip movement make such a geometry quite unlikely. Neither is the Yuli fault likely to be part of the Central Range fault system, since the west-dipping fault is west of Yuli. We believe the alternative -that it is a separate, steeply dipping, strike-slip fault that has developed within the sediments of the valley, structurally separate from the Longitudinal Valley fault system (Fig. 8) .
One is no constraint on its long-term slip rate. Furthermore, Bonilla (1975) suggested that the Yuli fault might be creeping, but more recent investigations suggest that it is not (e.g., Chung, 2003). A short-aperture geodetic array across this fault should reveal which is the case. Paleoseismic studies could reveal its seismic behavior.
Conclusions
In 
